Evidence for ijj' Regeneration in Heavy Ion Collisions 
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The study of hidden charm production is an important 
part of the heavy ion program. The standard approach 
to this problem assumes that cc bound states are cre- 
ated only at the initial stage of the reaction and then par- 
tially destroyed at later stages due to interactions with the 
medium 00111. 

[ The idea of the statistical J/ijj production j5j triggered 
the development of an alternative approach [SI [7] — the 
statistical coalescence model (SCM): charmonia (as well as 
open charm hadrons) are formed at hadronization due to 
coalescence of charm quarks and antiquarks. 

The standard approach (two its versions — the thresh- 
old suppression model P| and comover model 0]) 
demonstrates reasonable agreement with the data on J/ip 
production in Pb-|-Pb collisions at SPS. Better agreement, 
but only for (semi)central collisions Np > 100 {Np is the 
number participant nucleons) can be obtained within the 

SCM m. 

. It is interesting to check, which of the two scenarios is 
better suited for excited charmonium states. Recently the 
N50 collaboration presented new data on -0' production in 
Pb-|-Pb collisions Qf . It appears that the both versions of 
the standard approach as well as SCM are able to fit the 
hew ^' data (see Fig. . But the observed ip' suppression 
seems to be too weak to give reasonable values of the fit 
parameters of the standard scenario. 
■ The free parameter of the threshold suppression model 
is the threshold density of the participant nucleons in the 
transverse plane at which the charmonium species under 
consideration is suppressed. The J/ip data can be rea- 
sonably fitted with nj/^ — 3.77 ipio fm^^ for primary 

J/ip^s and = 1.95 io'li fni^^ for excited charmonia 

(mostly x-states) contributing up to 40% to the total J/tp 
yield in p-l-p collisions. Because the -0' is much weaker 
bound than any of the x states, one would expect that 
its suppression begins at substantially lower density. It 
appears, however, that the ip' data suggest approximately 
the same (or even larger) threshold for the ip' suppression 

as for X- 2.17 fm"^ 

The comover model does not alow to extract the sup- 
pression parameters for primary J/ip and x separately. 
The free parameter of the model is the effective suppres- 
sion cross section averaged over all charmonium states that 
contribute to the production of the species under consid- 
eration. There is no obvious contradiction between the 
fit results for J/ip and ip': ajj^ = 1.01 ± 0.05 mb and 

2.84 in vQ nib, i.e. the comover dissociation cross 


section for ^p' is by a factor of about 3 larger than that for 
J/ip. This ratio of the cross sections can be obtained, if one 
assumes that the matrix element of the reaction is approx- 
imately the same for J/ip and 'ip' |10| and the suppression 
is dominated by exothermic (e.g. J/tp + p ^ D + D) re- 
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Figure 1: The ip' to J/tp ratio in Pb+Pb collisions at SPS. 

actions. Still, model calculations of the matrix element 
predict much larger dissociation cross section for ip' than 
for J/tp ^21- If that is indeed so, then the only possible 
explanation of the observed tp' yield is regeneration of tp' 
at late stages of the reaction. As can be seen from Fig. ^ 
the new data (as well as the old ones [Emj) are consistent 
with the assumption that the tp' to J/tp ratio is nearly con- 
stant at Np > 100 — 150. It is equal to the thermal value, 
corresponding to freeze-out temperatures T = 150 — 170 
MeV, which agrees with the SCM. This suggest that ex- 
cited charmonium states are likely to be produced at the 
final rather than at the initial stage of heavy ion reactions. 

Measurement of the charmonium production in heavy 
ion collisions at lower energies, e.g. at the new GSI accel- 
erator facility, would help to disentangle different charmo- 
nium production mechanisms. 

We acknowlege the finantial support of GSI, DFG and 
BMBF. 

References 


[9 

[10 
[11 


T. Matsui and H. Satz, Phys. Lett. B 178 (1986) 416. 
J. Blaizot, M. Dinh and J. OUitrault, Phys. Rev. Lett. 
85 (2000) 4012. 

A. Capella, A. B. Kaidalov and D. Sousa, Phys. Rev. 
C 65 (2002) 054908. 

C. Spieles et al, Phys. Rev. C 60 (1999) 054901. 
M. Gazdzicki and M. I. Gorenstein, Phys. Rev. Lett. 
83 (1999) 4009. 

P. Braun-Munzinger and J. Stachel, Phys. Lett. B 
490, (2000) 196. 

M. I. Gorenstein, A. P. Kostyuk, H. Stocker and 
W. Greiner, Phys. Lett. B 509 (2001) 277; J. Phys. 
G 27 (2001) L47. 

A. P. Kostyuk, M. I. Gorenstein, H. Stocker, and 

W. Greiner, J. Phys. G 28, 2297 (2002). 

H. Santos [NA50 Collaboration], Presented at QM 

2004, Oakland, 11-17 Jan 2004. 

E. L. Bratkovskaya et aZ., 'arXiv:nucl-th/0402042" 
H. Sorge, E. Shuryak and I. Zahed, Phys. Rev. Lett. 
79 (1997) 2775. 


12] T. Barnes, |arXiv:nucl-th/0306031 


